Four years of field data on subsurface drain flows and water 
northeastern Iowa by using data from two long-term field experiments.
MODEL DESCRIPTION
DRAINMOD (Skaggs,1978 ) is a computer model that simulates the response of soil water regime to various combinations of surface and subsurface water management systems. It can be used to predict the water table depth, subsurface drainage, evapotranspiration and surface runoff as affected by the various drainage, weather and soil properties data. DRAINMOD is a water management model based on a water balance at midpoint between parallel drains for soils having an impeding layer at a known depth from the soil surface. The water balance equation used in DRAINMOD for a unit time increment is expressed as:
AVa = D + ET + DS I where AV^ is the change in air volume (cm), D is the water removed by artificial drainage (cm), ET is the evapotranspiration (cm), DS is deep seepage (cm) and I is the infiltration (cm) (equal to rainfall minus runoff and depression storage).
The subsurface drainage flow into the tile lines (D) is calculated by the Hooghoudt's steady-state equation, as used by Bouwer and van Schilfgaarde (1963) . The daily ET is calculated by first calculating the potential ET, and the potential evapotranspiration (PET) is calculated with Thornthwaite (1948) equation. Each ET calculation involves a check to determine if soil water conditions are limiting. When the water table is near the surface, or when the upper layers of the soil profile have a high water content, ET will be equal to PET. However, for deep water tables and under drier conditions, ET may be limited by the rate of water uptake by plant roots. To account for water depletion, the vertical profile is divided into two zones. The zone of soil that is directly above the water table is called the wet zone. This wet zone extends from the water table up to a dry zone or the soil surface. The dry zone extends from the soil surface down to the maximum root depth. The dry zone develops when water is removed from the root zone to satisfy ET demand. A detailed description of DRAINMOD is given by Skaggs (1978) . 
DESCRIPTION OF FIELD EXPERIMENTS

MODEL INPUT DATA
The input data required for DRAINMOD include soil properties, crop parameters, drainage system parameters and climatological data. Drainage system input parameters include drain depth and spacing, depth to the impermeable layer, depth of surface depression storage, drainage coefficient as limited by the hydraulics of the system, geometric parameters used in computing the drainage rate ponded surface conditions, and depth of the water in the outlet as a function of time.
CLIMATOLOGICAL DATA
Hourly precipitation data were obtained from a rain gaging station located about 200 m from the experimental site near Ames. Data on daily maximum and minimum temperatures used to estimate PET by the Thomthwaite method were also collected at the local gaging station.
At the northeastem experimental site near Nashua, daily precipitation and temperatures data were obtained from the nearby weather station at Charles City, which is about 11 miles from Nashua, Iowa. For model testing, the daily precipitation was distributed uniformly during the day, and entered into the model as hourly precipitation.
SOIL PROPERTIES DATA
Soil-moisture retention tests for each 250 mm depth increments down to the drain depth were obtained on small undisturbed soil samples from different locations in the plot at each site. The soil-moisture retention tests were performed by using a tension-table and pressure-plate apparatus as explained by Kanwar et al. (1989) . Soilmoisture retention curves for the Nicollet silt loam and Kenyon loam soil are tabulated in Tables 1 and 2 , respectively. Drainage volume-water table depth relationships calculated from those data are plotted in figure 1.
Saturated hydraulic conductivity (K) measurements were made for the experimental site in central Iowa by using a constant head permeameter in the laboratory as described by Klute (1965) . Five undisturbed soil cores (75 mm in diameter and 75 mm long) were collected from each depth in 150 mm increments to a depth of 900 mm for conductivity determinations. These soil cores were saturated by soaking from bottom to top in 0.0IN CaS04 solution. Then CaS04 solution was ponded overnight on the surface of the cores to establish steady flow. Once steady flow was reached in the soil cores, saturated hydraulic conductivity was determined (Kanwar et al., 1989 ). An average value of K equal to 0.87 cm/hr was used for the entire soil profile for the central Iowa location.
At the experimental site in northeastem Iowa, saturated hydraulic conductivity of the soil was also measured by using the laboratory constant head permeameter. The measured data for K values for this site are given in table 3.
Relationship between the upward flux and water table depth was also determined for each soil type. It determined how much water can be supplied from the water table to satisfy the daily ET need. Upward flux was calculated by solving the Darcy-Buckinghan equation: A double-ring infiltrometer apparatus was used to measure the infiltration rate of soils as a function of time. For the double ring apparatus, the inner ring, also called the measuring ring, was 37 cm in diameter and 20 cm in height. The rings were forced into the soil to a depth of 5 cm. A water stage recorder was used to record the Table 3 for both experimental sites.
CROP INPUT DATA
An effective rooting depth as a function of time is used in DRAINMOD to define the zone from which water can be removed to meet the ET demand. The effective root depth for com was estimated from the data of Shaw (1963). Table 4 gives the effective root depths as a function of time. It was assumed that water could be removed from the top 5 cm of soil by evaporation so that the minimum effective root depth was assumed to be 5 cm.
DRAINAGE SYSTEM PARAMETER
The method used in DRAINMOD to estimate subsurface drain flow rates is based on the assumption that, in the saturated region, the water movement occurs mainly laterally. Therefore, input data describing the drainage system are needed to compute drainage flux. Table 5 gives a summary of the data on the field drainage systems (Kanwar et al., 1983a, 1984b ). 
